(19) 



(12) 



(43) Date of publication: 

12.06.1996 Bulletin 1996/24 

(21) Application number: 96200392.7 

(22) Date of filing: 03.04.1992 



Europdisches Patentamt 
European Patent Office 
Off ice europ6en des brevets (11) EP 0 715 847 A2 

EUROPEAN PATENT APPLICATION 

(51) IntCI 6 : A61K9/00 



(84) Designated Contracting States: 

AT BE CH DE DK ES FR GB GR IT LI LU MC NL 
PTSE 

(30) Priority: 05.04.1991 AU PK5490/91 
16.09.1991 AU PK8394/91 

(62) Application number of the earlier application in 
accordance with Art. 76 EPC: 92302997.9 

(71) Applicant: ELI LILLY AND COMPANY 
Indianapolis, Indiana 46285 (US) 

(72) Inventors: 

• Lowe, Lionel Barry 
Dural, New South Wales 2158 (AU) 



• McArthur, Colin John 
West Pennant Hills, New South Wales 2125 (AU) 

(74) Representative: Hudson, Christopher Mark et al 
Lilly Industries Limited 
European Patent Operations 
Erl Wood Manor 

Windlesham Surrey GU20 6PH (GB) 

R$mark§: 

This application was filed on 16 - 02 - 1996 as a 
divisional application to the application mentioned 
under INID code 62. 



CO 

m 
o 

CL 
LU 



(54) Sustained release capsule and formulations for insertion into rumen 



(57) A sustained release capsule adapted to be 
inserted into the rumen of a ruminant animal and means 
for retention of the capsule in the rumen. 

A sustained release capsule (<9) adapted to be 
inserted into the rumen of a ruminant animal through its 
oesophagus and retained within the rumen over a pro- 
longed period to continuously deliver a biologically active 
composition (32) carried in the capsule (8), comprising 
an elongated tubular body (10) comprising a tube (16) 
and an end cap ( 12) secured to one end thereof for sub- 
stantially enclosing the biologically active composition 
(32), the other end of the capsule (8) being a delivery 
end (18), the body (10) having an opening (20) at the 
delivery end (18) of the capsule (8) for delivery of the 
composition (32) to the rumen, and a plurality of retention 
arms (44) attached to or formed integrally with the cap 
(12), the arms (44) being adapted to extend outwardly 
from the cap (12) for retaining the capsule (8) in the 
rumen, the arms (44) being resilient to enable them to 
bend from their outwardly extending positions toward the 
body ( 10) so that they lie alongside the body (10) allow- 
ing the capsule (8) to be inserted through the animal's 
oesophagus, the resilient arms (44) normally extending 
from the body ( 10) at an angle between 75° and 90° with 
respect to the axis of the tubular body (10), and for each 
arm (44) said cap ( 12) has an external curved surface 
(26) disposed with respect to the arm (44) so that when 
the arm (44) is bent toward the body ( 10), the arm (44) 



contacts the curved surface (26) and the curved surface 
(26) controls the bending of the arm (44) so that the arm 
(44) does not bend abruptly, said arms (44) being 
adapted to return to their outwardly extending positions 
when the capsule (8) reaches the rumen, characterised 
in that said cap ( 12) is secured to said one end by means 
of at least two circumferential beads (30) having at least 
one sealing ring (31) located therebetween. 
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Description 

TECHNICAL FIELD 

This invention relates to a sustained release capsule 
adapted to be inserted into the rumen of a ruminant ani- 
mal through the animal's oesophagus and to be retained 
in the rumen over a prolonged period to continuously 
deliver a biologically active agent or composition carried 
in the capsule. 

BACKGROUND ART 

A device which is currently available is characterised 
by a capsule comprising a hollow tubular body having an 
opening at one end, a plunger driven by a spring for urg- 
ing a solid therapeutic composition contained in the body 
towards the opening, an annular flange around the open- 
ing to prevent the driving means for expelling the solid 
composition from the body, and two resilient arms which 
are attached to a cap which seals the tubular body of the 
other end. 

A difficulty with the present device is that the cap is 
welded onto the hollow body. The welding is often not 
efficient and allows entry of water and ruminal fluid into 
the capsule. The therapeutic composition is usually a 
hygroscopic composition and in the presence of water 
swells and eventually ruptures the capsule. Poor welding 
can also result in capsule rupture which is not desirable 
because the sudden release of the whole of the thera- 
peutic composition intended for sustained release can 
cause death of the animal. 

Another difficulty is the inclusion of vent holes in the 
cap. The vent holes are needed so that a vacuum will not 
form when the capsule is administered. Prior to and dur- 
ing administration of the capsule, the lubricant has a ten- 
dency to leak through the vent holes. Loss of lubricant 
from the vent holes is not desirable. The lubricant acts 
as a seal and provides a barrier film. Any loss of lubricant 
could result in erratic payout of the therapeutic compo- 
sition. 

Another difficulty with the present device is that the 
flanged edge of the piston provides a poor seal. The poor 
sealing results in water entering the capsule thereby 
causing friction as the piston moves along the tube. This 
friction is responsible for erratic payout of the therapeutic 
composition. Furthermore piston failure will result in 
water entering the capsule to cause swelling of the ther- 
apeutic composition and increased friction. 

There is need for a sustained release capsule which 
can effectively remain sealed throughout the retention 
time in the rumen. There is also a need for a sustained 
release capsule which can continuously deliver a thera- 
peutic or growth stimulating composition to range-fed 
ruminants, such as cattle or sheep. 



OBJECT OF INVENTION 

It is an object of this invention to provide a sustained 
release capsule with improved sealing and an easier 
5 flowing piston to give continuous release of therapeutic 
composition from the capsule. 

DISCLOSURE OF INVENTION 

to According to a first embodiment of this invention 
there is provided a capsule for administering a composi- 
tion to a ruminant animal comprising 

a body having a barrel, and a cap, the cap and 
barrel each having cylindrical portions which nest one 
is within the other to form a sealed closure, one of the por- 
tions having spaced apart annular grooves formed 
therein, the other cylindrical portion having similarly 
spaced apart circumferential beads which fit within the 
grooves, one of the portions also comprising a circum- 
20 fererrtial sealing ring. 

According to a second embodiment of this invention 
there is provided a device for administering a composi- 
tion to a ruminant animal comprising a sealed capsule 
having located on an exterior surface at least one resil- 
25 ient retention arm, the retention arm comprising a pro- 
trusion formed on a surface of the arm facing the 
capsule, the arm adapted to flex such that the protrusion 
contacts a portion of the capsule, said portion penetrable 
by the protrusion to form a vent. 
30 According to a third embodiment of this invention 
there is provided a capsule for administering a composi- 
tion to a ruminant animal comprising a cylindrical barrel 
having at one end a discharge opening and having the 
composition located between a piston and the opening, 
35 the piston biased toward the opening by a spring, the 
piston having one of more grooves formed circumferen- 
tially around an outer surface. 

According to a fourth embodiment of this invention 
there is provided a device for administering a composi- 
te? tion to a ruminant animal comprising a cylindrical cap- 
sule having a discharge opening at one end and 
generally closed at the other end, a piston located within 
the body, the piston urged toward the discharge opening 
by a roll spring, one end of the spring impinging onto the 
45 piston, the other end of the spring impinging on a rim of 
a thimble, the thimble comprising a cylindrical centre por- 
tion, tapered at one end and having the rim formed 
around the other end, the rounded end of the thimble 
inserted into the spring and having the rim interposed 
so between the spring and the closed end of the capsule. 
According to a fifth embodiment of this invention 
there is provided a method of assembling a two-part cap- 
sule for administering a composition to a ruminant animal 
comprising the steps of loading a first part of the capsule 
55 with the composition, inserting a piston into the leaded 
capsule part, inserting a thimble into an outer end of a 
coil spring, the thimble comprising a body, rounded at 
one end and having a rim at the other, the rounded end 
and body located within the spring, the rim impinging on 
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the outer end, inserting an inner end of the spring within 
the first part and onto the piston, fitting a second part of 
the capsule into sealing engagement with the first part 
and in doing so compressing the spring so that a portion 
of the spring coils about the body. 

According to a sixth embodiment of this invention 
there is provided a sustained release capsule adapted 
to be inserted into the rumen of a ruminant animal 
through its oesophagus and retained within the rumen 
over a prolonged period to continuously deliver a biolog- 
ically active composition carried in the capsule, compris- 
ing 

an elongated tubular body comprising a tube and 
an end cap secured to one end thereof for substantially 
enclosing the biologically active composition, the other 
end of the capsule being a delivery end, the body having 
an opening at the delivery end of the capsule for delivery 
of the composition to the rumen, and a plurality of reten- 
tion arms attached to or formed integrally with the cap, 
the arms being adapted to extend outwardly from the cap 
for retaining the capsule in the rumen, the arms being 
resilient to enable them to bend from their outwardly 
extending positions toward the body so that they lie 
alongside the body allowing the capsule to be inserted 
through the animal's oesophagus, the resilient arms nor- 
mally extending from the body at an angle between 75° 
and 90° with respect to the axis of the tubular body, and 
for each arm said cap has an external curved surface 
disposed with respect to the arm so that when the arm 
is bent toward the body, the arm contacts the curved sur- 
face and the curved surface controls the bending of the 
arm so that the arm does not bend abruptly, said arms 
being adapted to return to their outwardly extending posi- 
tions when the capsule reaches the rumen, character- 
ised in that said cap is secured to said one end by means 
of at least two circumferential beads having at least one 
sealing ring located therebetween. 

The tubular body of the capsule may contain a lab- 
yrinth piston surrounded by lubricant and means for bias- 
ing the piston toward the delivery end for moving a supply 
of active composition toward the delivery opening when 
the capsule is in use. 

Preferably the piston is adapted to move in slidabie 
sealed relation in the body to restrict access of ruminal 
fluid to the supply of active composition other than at the 
delivery opening. 

Generally the cap has at least one area of reduced 
thickness and the arms have at least one protrusion on 
the side adjacent the cap corresponding so that when 
the arms are urged alongside the body, the protrusion(s) 
engage and cause rupture(s) of the wall of the cap at 
said at least one area thereby providing at least one vent 
to relieve any vacuum formed on movement of the piston. 

The invention solves the problem of how to provide 
sustained release capsules with more dependable seal- 
ing means. It does this by providing an improved means 
of preventing ruminal fluid from contacting the plug of 
composition at areas other than the discharge opening. 
As the composition is delivered, and the remaining plug 



of composition is urged toward the delivery opening, the 
space behind the plug within the capsule tends to fill with 
ruminal fluid, which can swell or erode the plug within the 
capsule. 

5 Preferred embodiments of the present invention 
solve this problem, and thereby provides better control 
of administration with more uniform delivery over long 
periods. More particularly, in certain preferred embodi- 
ments of the invention the delivery opening in the tubular 

10 body of the capsule is surrounded by a circumferentially 
continuous frustoconical surface against which the plug 
of composition within the capsule is urged into sealing 
relation. 

In a preferred embodiment of the invention a laby- 
is rinth piston urges the plug of composition toward the 
opening and moves in sealing relation with respect to the 
inner walls of the body. Lubricant fills the grooves of the 
piston and allows the piston to move toward the opening 
without friction. Lack of friction prevents erratic payout of 
20 the therapeutic composition. 

In another preferred embodiment the presence of 
protrusions on the arms of the capsule rupture thin sec- 
tions of the wall of the cap to produce vents. During 
administration of this preferred capsule, the protrusions 
25 seal the vents thereby preventing leakage of lubricant. 
When the capsule is located in the rumen, the arms elon- 
gate thereby releasing the protrusions from the vents so 
that the formation of a vacuum is prevented. 

In another preferred embodiment, when the biasing 
30 means is a coiled spring, the spring can be prevented 
from twisting by locating a thimble within the spring. 

Active ingredients which may be used in the cap- 
sules of the invention include any active ingredient which 
is suitable for administration to a ruminant animal. Pre- 
ss ferred are those which are desirably administered 
directly into the rumen. 

Suitable active ingredients include polyether antibi- 
otics or ionophores, glycopeptide antibiotics 
anthelmintics and ectoparasiticides. 
40 Polyether antibiotics or ionophores are useful as 
growth promotants, milk production enhancers and as 
therapeutic agents for the treatment of bloat. The poly- 
ether antibiotics which can be employed include those 
produced by the Streptomyces genus of micro organ- 
45 isms. They are characterised by comprising a multiplicity 
of cyclic ethers in their structures. The class is reviewed 
in Kirk-Othmer: Encyclopedia of Chemical Technology, 
Vol.3, Third Edition (John Wiley & Sons, 1978), Page 47 
et seq. ; in Annual Reports in Medical Chemistry Volume 
so 10 (Academic Press. N.Y 1878), page 246 et seq.; and 
in J. Chrom. Lib., Volume 1 5 (Elsevier Scientific Publish- 
ing Co., N.Y. 1978), page 488 et seq. 

Representative of the polyether antibiotics to be 
employed in the combination of this invention include 
55 ruminal propionate enhancers such as monensin 
(including the various factors A, B, and C, and the alkali 
metal salts, for instance monensin sodium, and the var- 
ious esters thereof), ionomycin, laidlomycin, nigeridn, 
grisorixin, dianemycin, Compound 51 ,532, lenoremycin, 
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salinomycin, narasin, lonomycin, antibiotic X206, 
alborixin, septamycin, antibiotic A204, Compound 
47,224, etheromycin, lasalocid (factors A, B, C. D, and 
E), mutalomycin, K41 , isolasalocid A, lysocellin, tetrona- 
sin, and antibiotics X-14766A, A23187 and A32887. 

Preferred polyether antibiotics include monensin, 
narasin, lasalocid, salinomycin, A-204, lonomycin, X- 
206, nigericin, and dianemycin, and especially mon- 
ensin, narasin, lasalocid and salinomycin. 

An especially preferred polyether to be utilised 
according to this invention is monensin, a compound 
widely used in the improvement of feed utilisation in rumi- 
nants (see US. Patent No. 3,839,557). As used herein, 
"monensin" includes the various active factors, the salts 
such as monensin sodium, and the monensin esters 
such as carbamate esters and the like. 

Glycopeptide antibiotics are also useful as growth 
promotants, milk production enhancers and as therapeu- 
tic agents for the treatment of bloat. They may be used 
alone or in combination with the polyether antibiotics as 
described in Australian Patent 556 299. 

Typical of such glycopeptide feed utilisation effi- 
ciency enhancers are actaplanin, avoparcin, A35512, 
A477, ristocetin, vancomycin, and related glycopeptides. 

Preferred glycopeptides to be employed in the com- 
binations of this invention include actaplanin, avoparcin, 
ristocetin, and vancomycin. 

Anthelmintics may be used for the treatment of blood 
flukes, flukes that live in the lungs, the liver, the intestines, 
tapeworms, intestinal roundworms, roundworms of 
blood and tissues, or combinations thereof. Preferred 
anthelmintics include antimony potassium tartrate, 
bephenium hydroxy naphthoate, bithionol, chloroquine, 
dichlorophen, diethylcarbamazine citrate, hexylresorci- 
nol, hycarrthone mesylate, lucanthone hydrochloride, 
mebendazole, niclosamide, niridazole, piperazine cit- 
rate, pyrantel pamoate, pyrvinium pamoate, quinacrine 
hydrochloride, stibocaptate, stibophen, tetrachloroethyl- 
ene, thiabendazole, phenothiazine, hexachloroethane. 
carbon disulphide or benzimidazole. An especially pre- 
ferred anthelmintic is benzimidazole. Examples of suita- 
ble be nz imidazoles include thiabendazole, albendazole, 
cambendazole, fenbendazole, mebendazole, oxfenda- 
zole, and albendazole. 

Preferred ectoparasiticides include organo phos- 
phates and carbamates, avermectins, levamisole or 
sodium thiacetarsamide. 

The activity of the active ingredients including the 
polyether antibiotics and/or the glycopeptide antibiotics 
may be enhanced by including in the formulations, one 
or more non ionic surfactants. Preferred surfactants are 
alcohol ethoxylates. Generally the ethoxylates are of 
octyl-, nonyl- and dodecyl phenol, natural and synthetic 
alcohols, saturated and unsaturated fatty acids and both 
block and random copolymers. Alcohol ethoxylates such 
as those of the Teric® series or the Pluronic® PE series 
or mixtures thereof are preferred. An especially preferred 
non ionic surfactant is Teric® 12A23, which is lauryl 
(dodecanol) condensed with 23 moles of ethylene oxide. 



Silicone anti foam agents may also be included in 
the formulations to enhance performance. The silicone 
anti foam agents may be aqueous or anhydrous, prefer- 
ably anhydrous. The silicone anti foam agents may be a 
5 mixture of dimethyl silicones, such as those of Gensil® 
series or the Rhodorsil® series. Especially preferred sil- 
icone anti foam agents are Gensil® 800 or Silbione® 70 
451. 

The formulations may. also include emulsifying 
10 agents or stabilisers. Preferred emulsifying agents or 
stabilisers include glycerol ester, glyceryl monostearate, 
hexaglycerol distearate, triglyceryl monostearate, 
decaglyceryl dipalmitate. sorbitan esters such as, sorb- 
itan monostearate, sorbitan tristearate or ethoxylated 
is esters such as glyceryl monolaurate, or mixtures thereof. 
Atypical formulation contains: 



Surfactant 


50% 


Monensin 


40% 


Glycerol ester 


10% 



25 

If an anti foam agent is included a typical formulation 

is: 

30 



Anti foam 


10% 


Monensin 


40% 


Glycerol ester 


50% 



40 BRIEF DESCRIPTION OF DRAWINGS 

A preferred form of the present invention will now be 
described by way of example with reference to the 
accompanying drawings, wherein: 

45 

Figure 1 is a substantially full-scale longitudinal sec- 
tion of a capsule in accordance with the invention, 
with the arms of the retention wing shown in full lines 
in their normal extended positions and shown in dot- 
so ted lines in their folded administration positions for 
insertion of the capsule through an oesophagus; 
Figure 2 is a section taken on the line 2-2 of Figure 1 ; 
Figure 3 is a front elevation of the wing and forward 
end of the capsule; 
55 Figures 4, 5, and 6 are sectional views taken on the 
lines 4-4, 5-5, and 6-6 of Figure 3; 
Figure 7 is a longitudinal section like Figure 1, but 
on an enlarged scale and with a mid-portion of the 
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barrel omitted and with the parts at the forward end 
of the capsule in partially exploded relation; 
Figure 8 is a diagrammatic view of an administration 
tool for inserting a capsule by mouth into the 
oesophagus of a bovine animal; s 
Figure 9 is a side view of the wing and forward end 
of the capsule; 

Figure 10 is a side view of the cap; 
Figure 1 1 is a side view of the piston; and 
Figure 12 is a side view of a thimble which can be 
used to prevent twisting of the spring. 
Figure 13 is a section of the barrel taken along the 
centre line showing the tapered pilot. 

BEST MODE(S) FOR CARRYING OUT THE INVEN- 
TION 

Figures 1-7 show a sustained release capsule 8 
comprising a tubular body 10 adapted to enclose a solid 
core or plug of a biologically active composition 32. The 
body 10 has a generally cylindrical barrel or tube 16 
joined in a smooth curve to an end wall or end 18 at the 
delivery end of the capsule. The barrel or tube has a 
cylindrical portion. To permit controlled access of ruminal 
fluid to the composition carried in the capsule, the end 
wall or end 75 has a constricted circular discharge open- 
ing 20. To urge the core or composition 32 toward the 
discharge opening 20 and thereby maintain a supply of 
composition at the delivery opening over a prolonged 
period, a piston 36 is provided in the capsule, which is 
urged against the core or composition 32 and toward the 
opening 20by a biasing means such as a light coil spring 
38. 

To maintain sealing engagement between the core 
or composition 32 and the end wall or end 18 and thereby 
control access of ruminal fluid to the composition, the 
end wall is formed with a delivery opening. The inner face 
1 7merges at its periphery with a smoothly curved border 
surface 19. The charge or core of biologically active com- 
position 32 is adapted to be weakened adjacent its end 
surface 34 by exposure through the delivery opening 20 
to ruminal fluid. The border surface 19 serves to make 
initial sealing contact with the end edges of a pre-formed 
core of composition, and during use to maintain that 
peripheral seal and to guide the edge portions of the 
charge inward toward the delivery opening. The width of 
the surface 17 engaged by the weakened end of the 
charge and the solubility or flow characteristics of the 
charge may be varied to control the rate of progression 
of the administrative charge toward the delivery opening 
20 and thereby to control the rate of delivery of the 
administrative composition from the capsule. The inner 
end of the charge may be protected from exposure to 
ruminal fluid, as by sealing the end of the capsule oppo- 
site the end having the discharge opening or by using a 
sealing piston, which will be described hereinafter in 
greater detail. 

To retain the capsule in the rumen of an animal to 
which the capsule has been administered, the capsule 
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is provided with a plurality of retention arms 44. As illus- 
trated and as preferred, the arms 44 are connected to 
the tubular body at the end opposite the delivery end, 
which is sometimes referred to herein as the forward end. 
In the embodiments shown in the Figures, the two arms 
provided are substantially continuous; and form a wing 
14. 

To control the bending of the retention arms where 
they are attached to the tubular body and to thereby 
reduce the stress to which the arms are subjected, the 
body has curved surfaces 26 (Figure. 9) disposed with 
respect to the arms so that when an arm is bent toward 
the body, the arm contacts a curved surface 26, thereby 
causing the arm to bend over a long arc instead of 
abruptly at the point of attachment. In the illustrated 
embodiment, the end of the capsule opposite the deliv- 
ery end is closed with a hemispherical end cap 12 to 
which the wing is integrally connected. The hemispheri- 
cal exterior surface of the cap provides the required 
curved surfaces. 

Referring to Figure 7, the forward end of the barrel 
or tube 1 6has a circumferential tapered pilot opening 22 
leading to grooves 24 adapted to receive and interlock 
with corresponding circumferential beads or ridges on 
the closure cap 12. Such a cap has a generally hemi- 
spherical end wall joined to a cylindrical portion 28 hav- 
ing preferably two external annular beads 30 adapted to 
enter through the tapered pilot 22 of the barrel and 
engage in locked relation with the grooves 24 to mechan- 
ically secure the cap 12 to the body. Generally the use 
of a double bead securely seals the cap 12 onto the body 
thus preventing leakage of liquid into the capsule. A good 
seal also prevents the silicon lubricant from escaping 
from the device during packaging, storage or shipment. 
The cap 12 further contains a sealing ring or integral 
ridge 3 1 preferably between the beads (not shown in Fig- 
ure 7, see Figures 9 and 10). In one embodiment, the 
seal is triangular in cross section and smaller in height 
than the annular beads 30. The barrel or tube 76contains 
an administrative charge in the form of a pre-formed 
cylindrical core 32which, as formed and as shown in Fig- 
ure 1 , has a rounded end face 34 adapted to make initial 
sealing engagement with the inner face 19 of the barrel. 
In Figure 7, the rear or delivery end of the core 32 is 
shown in a condition it takes during use, in which the core 
end has been weakened by absorption of ruminal fluid 
and pressed toward the delivery opening 20 and against 
the end wail or end 18. Desirably, the hemispherical end 
wall of the cap 12 is formed internally with a pair of cross 
ribs 40 which form a flat seat for the opposite end of the 
spring 38. 

The retention wing 14 is integrally connected and 
attached to the cap 12 adjacent the axis of the capsule 
body at the outermost central portion of the hemispher- 
ical wall 26 by a connection 42 over an area which lies 
on and close to the axis of the capsule. The wing 14 is 
substantially tangent to the hemispherical cap 12 on that 
central axis and has arms 44 extending outward in oppo- 
site directions from that point of attachment, as shown 
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in Figures 1 and 3. Thus, in the illustrated embodiment 
the arms describe an angle of 90° with respect to the 
axis of the body. To reduce stress on the arms, each arm 
should lie within an angular space between 75° and 90° 
with respect to the body. The arms are adapted to be 
resiliently bent downward along the curved hemispheri- 
cal outer surface of the cap 12 and to be brought sub- 
stantially flat against the wall of the barrel or tube, so as 
to present a cross section of effective diameter not much 
larger than the barrel itself when the capsule is condi- 
tioned for insertion through the oesophagus into the 
rumen of an animal. When the capsule passes from the 
oesophagus into the rumen, the arms 44 of the wing 14 
spring outward to their fully extended positions so as to 
block passage of the capsule back through the oesopha- 
gus and thus to retain the capsule against regurgitation 
or passage from the rumen. 

The outstanding, substantially right-angular position 
of the wing arms 44 is considered advantageous both in 
preventing regurgitation of the capsule and to reduce 
bending and stress of the arms in the rumen, in that in a 
right-angular T-shape, the capsule is less likely than 
would be the case with other configurations to have its 
arms bent relative to each other or the barrel. More espe- 
cially, such contractions and working are less likely to 
bend both arms to a position which would allow the for- 
ward end of the capsule to enter the oesophagus. 

The wing 14 is desirably reinforced and made so that 
its arms 44 bend more easily back toward and against 
the sides of the capsule than forward in the opposition 
direction, away from the capsule, as would be required 
for the capsule to pass rear or delivery end first back 
through the oesophagus. In some cases, the wing as 
moulded takes a slightly arched shape so that its arms 
44 are arched rearward toward the capsule, and hence 
so that less bending is required to bring them against the 
side of the capsule than to swing them in the opposite 
direction to a corresponding position. 

The central portion of the wing is reinforced and 
desirably made of asymmetric cross section to increase 
the resistance of the wing to bending of its arms in a for- 
ward direction. As shown, an asymmetric configuration 
is obtained by forming longitudinal ribs on the . outer sur- 
face of the wing. Thus, as shown in Figures 3-6, the basic 
cross section of the wing is that of a leaf spring in the 
form of a wide flat rectangle as shown in Figure 4. inward 
of Figure 4, as shown in Figure 5, the wing is formed with 
two upstanding side ribs 46along its edges which extend 
over a substantial portion of its length along the barrel or 
tube 76 of the capsule. Still further inward, the wing is 
formed with a shorter central rib 48 which extends across 
the area 42 of attachment of the wing to the wall 26 of 
the cap. The central rib 48 is desirably of a length to 
extend substantially to the base of the hemispherical wall 
26 when the arms are bent to insertion position, as 
shown in Figure 8. The ribs 46 and 45 reinforce the wing 
14 against forward bending, and thus give the wing 
greater resistance to forward bending than to the rear- 



ward bending which is required to carry its arms against 
the sides of the capsule barrel 16. 

In a particular embodiment, a capsule for use in cat- 
tle comprised a barrel approximately 145.2mm long and 

5 33.35mm in outside diameter, and a wing 12.9mm wide 
and 162.5mm long with side ribs 46 extending over 90% 
of the length of the wing and a centre rib 48 half the length 
of the side ribs, the wing being attached to the cap over 
a circular area having a diameter of about 1 1 .2mm. 

10 This configuration and construction of the wing and 
its interrelation with the curved capsule end formed by 
the hemispherical wall 26 not only facilitates insertion of 
the capsule through the oesophagus and retention of the 
capsule through the rumen, but also enhances the ability 

15 of the capsule to withstand the conditions to which it is 
subjected in the rumen during its prolonged stay. In the 
rumen, the capsule and wing are subjected not only to 
chemical and biological conditions which it must with- 
stand, but also to continuing and forceful mechanical 

20 stresses from the undigested food in the rumen and the 
movements of the rumen during the normal course of 
entrance, regurgitation, and digestion. 

In a preferred embodiment a protrusion 50 is located 
on each arm of the wing 14 on the side adjacent the cap. 

25 A pair of protrusions 50 is positioned on the arms so that 
when the wing 14 is bent to insertion position, as shown 
in Figure 8, the protrusions 50 are in contact with a por- 
tion of the curved surface on the hemispherical wall 26. 
In our embodiment, the inner wall 27 of the cap 12 con- 

30 tains 2 grooves 52 (Figure 7). These two grooves 52 
reduce the thickness of the inner wall 27to provide pen- 
etrable windows 51. The windows 51 are positioned 
adjacent to the protrusions 50 when the protrusions 50 
come into contact with the curved surface of the wall 26. 

35 The protrusions penetrate the windows to provide a vent. 
The capsule shown is readily assembled by insert- 
ing a pre-formed cylindrical core or composition 32 into 
the barrel or tube 16 of the body portion 10, inserting a 
piston 36 and spring 38 behind the capsule, and com- 

40 pressing the spring and pressing a cap 12 into the open 
end of the barrel 16 so that the annular beads 30 of the 
cap interlock in a snapping fashion with the grooves 24 
of the barrel to provide a double engagement. 

Before such assembly, a lubricant such as a light sil- 

45 icone lubricant is desirably applied either to the inner sur- 
face of the barrel or tube 16or to the outer surface of the 
core 32. Such lubricant provides an initial seal, give 
some waterproofing for the pre-formed core, and forms 
a barrier film to prevent adhesion of the core to the barrel. 

so This will help to ensure that the core 32 will slide in the 
barrel and will be initially pressed by the light spring 38 
into sealing engagement with the end wall or end 18 and 
maintained in engagement therewith throughout the long 
period of sustained release of the capsule composition 

55 at the delivery opening 20 of the capsule. 

The body 10 and cap 12 of the capsule are both 
adapted to be readily and inexpensively moulded from 
plastic material. Such material must, of course, be 
acceptable in the rumen of the living animal, and must 
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be capable of resisting the chemical, biological, and 
physical conditions encountered in the rumen. Polymers 
of polyethylene and polypropylene, or preferably, of poly- 
propylene itself, are suitable materials. 

The capsule is conveniently moulded of two parts, 
with one part including the barrel and the delivery open- 
ing and defining an inside surface of uniform cross sec- 
tion to receive a capsule with predetermined clearance 
and to slidably receive the piston, and with the other part 
formed as a cap or closure for the forward end of the 
capsule and carrying the wing as an integral part of the 
moulding. 

In some instances, capsules may need to remain in 
the rumen for extended periods of time, since in some 
parts of the world cattle remain on the range for such 
periods, and capsules may be administered periodically 
over that period. Cattle to which capsules are adminis- 
tered may have weights of upward from 200kg, and in 
such animals the rumen may have a volume of over 
1 0OUtres, so that the presence of capsules of the size 
here contemplated can be tolerated in plural numbers 
and over long periods. 

Insertion of a capsule into the rumen in cattle is con- 
veniently done with an administration tool as shown in 
Figure 8. Such tool comprises a tubular barrel 60 having 
an open end adapted to receive a capsule 8 with its wing 
arms 44 folded against the sides of its barrel 16. In this 
position the protrusions 50 engage the windows 51 and 
act as a seal to prevent the entry of water or ruminal con- 
tents. The barrel 60 is mounted on a tube 62 having a 
handle portion 64 by which the barrel can be manipu- 
lated through the mouth of the animal to place the end 
of the capsule 8 in the oesophagus. The tube 64 contains 
a thrust rod or cable Shaving a plunger 68aX its forward 
end and a thrust knob 70 at its outer end by which the 
plunger head 68 can be advanced to discharge the cap- 
sule 10 from the barrel 60 into the oesophagus. When 
the capsule with its folded arms 44 is thus discharged 
partway into the oesophagus, the capsule will then move 
on through the oesophagus into the rumen, and the 
oesophagus will hold the arms 44 in folded position until 
the capsule reaches the rumen. The arms will then 
spring outward to their normal outstanding position 
shown in full lines in Figure 1 so as to retain the capsule 
in the rumen and exposing the vents. 

When the arms 44 of the wing 14 are bent to folded 
positions, as indicated in dotted lines in Figure 1 , such 
arms bend in an arc on a long radius, in the clearance 
provided by and following the curved outer surface of the 
hemispherical wall 26 of the capsule so as not to be 
stressed to a point of strain, and when the arms are 
released from their folded position in the rumen, they 
tend strongly to return to their outstanding positions in 
diametrically opposite directions from the axis of the cap- 
sule, preferably with a slight arch as shown in Figure 1 . 
In such position, the wing presents a substantially flat 
outer face which tends to prevent the forward end of the 
capsule from entering the oesophagus to be regurgitated 
from the rumen. If the opposite end of the capsule should 



enter the rumen, the outspread wing and its high resist- 
ance to bending in the opposite direction will prevent the 
capsule from passing through the oesophagus and will 
thus prevent its regurgitation in that position. Further, the 

5 outspread arms 44 of the wing are so widely spaced 
angularly from each other and from the capsule that the 
working of the rumen has little tendency to bend the arms 
toward the capsule, and they are not so readily squeezed 
toward the capsule as arms at an acute angle to each 

10 other and to the barrel. 

When a pre-fbrmed core or composition 32 is first 
inserted in the barrel or tube 16, the spring 38 presses 
its end edge into sealing engagement with the end wall 
or end 1 8 of the barrel so as to limit contact of the ruminal 

15 fluid to the end face 34 of the core. In normal operation, 
such ruminal fluid migrates into the end of the core 32 
and tends to soften and weaken it, and the core is then 
urged by the spring 38 toward the opening 20 in the end 
wall of the capsule. The capsule is thus held in sealed 

20 relation with the end wall 18 over a wide area as shown 
in Figure 7, and the area of access to ruminal fluid to the 
end of the capsule 32 is limited by the size of the opening 
20. Over that access area, the composition of the cap- 
sule 32 will be discharged to the ruminal fluid, as by 

25 washing, erosion, and dissolution. Meanwhile, the migra- 
tion of ruminal fluid, or components thereof, into the end 
portion of the core will progress to maintain an equilib- 
rium of softened material at the end of the core, which 
will be maintained by progressive movement of the core 

30 toward the discharge opening by the spring 38. This will 
produce a sustained administration of medicaments con- 
tained in the core to the rumen over a prolonged period. 
The rate of such administration will depend in part on the 
composition of the core 32, but will also be controlled in 

35 an important respect by the configuration of the end wall 
18 of the capsule, as here shown and described, and 
especially by the outward-converging conical portion 17 
thereof. The size of the opening 20 and the width and 
depth of the conical face 1 7 may be changed to vary the 

40 rate of administration. 

As shown in Figure 12, a thimble 71 adapted to be 
received within spring 38 is depicted in Figure 12. Rim 
72 separates the end of the spring from the cross ribs 
40. At the same time, rim 72 aids in preventing the spring 

45 coils from transferring laterally and facilitates ease of 
assembly. The thimble has a cylindrical centre portion 75 
and a rounded tip 76. This overcomes the problem of 
spring 35fbuling with cap 12ox side wall 37 of piston 36. 
Accordingly the spring 38 will coil onto the thimble and 

so will not be caught between the cap 12 and barrel or tube 
76during assembly, especially by automated fabrication. 
In figure 12, the thimble 71 has a cavity 73, rim 72 and 
wall 74. In one method, the thimble 71 is inserted into 
the spring 38 and then both are inserted into the pre- 
ss lubricated tube 16 in which the core or composition 32 
and piston 36 have already been situated. In this way, 
the cap 12 can be snapped on without fouling. 

It is desirable to protect the sides and rear end of the 
core 32 in the capsule from contact with ruminal fluid 
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Example 1 

A typical formulation contains: 

5 



which might tend to cause it to swell excessively against 
the sides of the barrel and prevent forward movement of 
the core 32 toward the end wall 18 to maintain sealing 
contact at that point. In Figure 1 1, the piston 36 is formed 
with aflat end 35 and a cylindrical side wall 37 which has 
a plurality of grooves 53 along the circumference of the 
outer wall 37of the piston. The lubricant is trapped within 
the grooves and provides a seal along the inside of the 
barrel as the material of the core 32 is consumed and so 
as to maintain the core in continuing sealing engagement 
with the end wall 18 of the barrel. With the use of such 
a labyrinth-style piston 36, the displacement or spring 
chamber behind the piston will not be sealed by the pis- 
ton, and hence is desirably sealed against entrance of 
ruminal fluid. 

With a sealed capsule, there are indications that the 
active agent contained in the core or charge of compo- 
sition may be delivered to the animal in an initial surge 
or pulse and that the rate of administration then 
decreases and remains substantially constant over a 
prolonged period. It is not known why this initial pulse 
occurs, but it is believed that it may in part result from an 
initial increase in pressure in the spring chamber. Such 
increase could be caused by the change in temperature 
from an ambient temperature to a ruminal temperature 
of about 39°C. A pressure increase could also be caused 
by a higher rate of diffusion through the walls of the cap- 
sule of gases such as carbon dioxide from the rumen into 
the capsule than the rate of diffusion of nitrogen outward 
from the air contained in the spring chamber. 

The capsule can be adapted for use in smaller ani- 
mals, particularly in sheep. 

In a particular embodiment of a capsule for use in 
sheep, the capsule had an overall length of 95.3 mm and 
a diameter of 18mm, and carried a wing having a length 
of approximately 1 05mm with a cross section of 6mm by 
1mm. The end opening in the barrel has a diameter of 
6mm. The wing is attached to the cap over a central cir- 
cular area having a diameter slightly greater than the 
width of the wing. 

The smaller sheep capsule is administered to sheep 
in a manner analogous to the administration of the cattle 
capsule, and acts in an analogous manner. While the 
wing of the smaller sheep capsule is of uniform cross 
section throughout its length and not reinforced with ribs 
nor bowed as in the cattle capsule, the sheep capsule 
has been used successfully and has been found to be 
retained in the sheep rumen for prolonged periods. 

The following formulation examples illustrate typical 
solid therapeutic compositions which can be included in 
the sustained release capsules. 



Teric12A23 


50% 


Monensin 


40% 


Glycerol ester 


10% 



Formulations are melted and moulded into a suitable 
shaped core to fit the band of the device. 

After cooling, cores are placed into the plastic body, 
a piston and spring is added and the cap is rammed onto 
the body. The process is carried out in an automatic 
machine designed for the complete assembly of the 
device. 

Example 2 

If an anti foam agent is included a typical formulation 

is: 



Gensil 800 


10% 


Monensin 


40% 


Glycerol ester 


50% 



35 

The formulation is prepared according to the proce- 
dure of Example 1. 

Example 3 

A typical formulation contains: 



Teric12A23 


30% 


Narasin 


40% 


Glycerol ester 


30% 



The formulation is prepared according to the proce- 
dure of Example 1. 



15 



20 



25 



45 



55 Example 4 



If an anti foam agent is included a typical formulation 

is: 
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Silbione 70451 


20% 


Salinomycin 


30% 


Glycerol ester 


50% 
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Example 7 

Atypical formulation contains: 

5 



10 



The formulation is prepared according to the proce- 
dure of Example 1 . 

Example 5 

A typical formulation contains: 



Teric® 12A23 


40% 


Mebendazole 


20% 


Glycerol ester 


40% 



Silbione® 70 451 


20% 


Teric® 12 A23 


40% 


Avoparcin 


20% 


Glycerol ester 


20% 



The formulation is prepared according to the proce- 
15 dure of Example 1. 

Example 8 

If an anti foam agent is included a typical formulation 

20. is: 



The formulation is prepared according to the proce- 
dure of Example 1 . 

Example 6 



25 



30 



Gensil® 800 


20% 


Pyrantel pamoate 


20% 


Sorbitan monostearate 


60% 



The formulation is prepared according to the proce- 
dure of Example 1 . 

If an anti foam agent is included atypical formulation 
is: Example 9 

35 

A typical formulation contains: 



Silbione® 70 451 


20% 


Vancomycin 


40% 


Glyceryl monolaurate 


40% 



40 



Teric 12A23 


20% 


Avermectin 


20% 


Glycerol ester 


60% 



The formulation is prepared according to the proce- 45 
dure of Example 1. 



The formulation is prepared according to the proce- 
dure of Example 1 . 



so Example 10 

H an anti foam agent is included a typical formulation 



is: 



55 
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Gensil 800 


20% 


Levamisole 


20% 


Glycerol ester 


60% 



The formulation is prepared according to the proce- 
dure of Example 1. 

Example 1 1 

A typical formulation contains: 



Monensin 


70% 


Glycerol ester 


30% 



The Monensin is melted and moulded into a suitable 
shaped core to fit the band of the device. 

After cooling, cores are placed into the plastic body, 
a piston and spring is added and the cap is rammed onto 
the body. The process is carried out in an automatic 
machine designed for the complete assembly of the 
device. 

Example 12 

If an anti foam agent is included a typical formulation 

is: 



Gensil 800 


20% 


Monensin 


40% 


Glycerol monostearate 


40% 



The formulation is prepared according to the proce- 
dure of Example 1 . 

INDUSTRIAL APPLICABILITY 

A sustained release capsule of the invention can be 
readily utilised in ruminant animals to provide a more effi- 
cient release of therapeutic composition, a capsule 
which is easier to manufacture and which is less likely to 
leak during storage, shipment and packaging. 



Claims 

1 . A capsule 8 for administering a composition 32 to a 
ruminant animal comprising: 

5 a body 10 having a barrel 16, and a cap 12, 

the cap /2and barrel 1 6 each having cylindrical por- 
tions which nest one within the other to form a sealed 
closure, one of the portions having spaced apart 
annular grooves 24 formed therein, the other cylin- 

w drical portion having similarly spaced apart circum- 
ferential beads 30 which fit within the grooves 24, 
one of the portions also comprising a circumferential 
sealing ring 31, 

15 2. The capsule a of claim 1, wherein the sealing ring 
31 is located between the grooves 24 and the beads 

30. 

3. The capsule 8 of claim 1 , wherein one of the cylin- 
20 drical portions is larger in diameter than the other 

and the larger portion is provided with a tapered pilot 
opening 22. 

4. The capsule 8 of any one of claims 1 to 3, wherein 
25 the cylindrical portion of the barrel 16 is larger in 

diameter than the cylindrical portion of the cap 12, 
the cylindrical portion of the barrel 16 having the 
grooves 24 formed therein. 

30 5. The capsule 8 of claim 4, wherein the sealing ring 
31 further comprises an integral ridge 31 formed on 
the cylindrical portion of the cap 12. 

6. A device for administering a composition 32 to a 
35 ruminant animal comprising a sealed capsule 8 hav- 
ing located on an exterior surface at least one resil- 
ient retention arm 44, the retention arm 44 
comprising a protrusion 50 formed on a surface of 
the arm 44 facing the capsule 8, the arm 44 adapted 

40 to flex such that the protrusion 50 contacts a portion 
26 of the capsule 8, said portion 26 penetrable by 
the protrusion 50 to form a vent. 

7. The device of claim 6, wherein the arm 44 is rein- 
45 forced. 

8. The device of claim 6, wherein said portion further 
comprises a window 51 formed by an area of 
reduced thickness. 

50 

9. The device of claim 6, wherein the capsule 8 further 
comprises a cap 12 having a hemispherical portion, 
the arm 44 integrally formed on the hemispherical 
portion, the protrusion 50 located near a point of 

55 attachment of the arm 44 and the hemispherical por- 
tion. 

10. A capsule 5 for administering a composition 32 to a 
ruminant animal comprising a cylindrical barrel 16 
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having at one end a discharge opening 20 and hav- 
ing the composition 32 located between a piston 36 
and the opening 20, the piston 36 biased toward the 
opening 20 by a spring 38, the piston 36 having one 
or more grooves 53formed circumferentially around 
an outer surface 37. 

11. A device for administering a composition 32 to a 
ruminant animal comprising a cylindrical capsule 8 
having a discharge opening 20 at one end and gen- 
erally closed at the other end, a piston 36 located 
within the body 10, the piston 36 urged toward the 
discharge opening 20 by a coil spring 38, one end 
of the spring 38 impinging onto the piston 36, the 
other end of the spring 36 impinging on a rim 72 of 
a thimble 71, the thimble 71 comprising a cylindrical 
centre portion 75, tapered at one end 76 and having 
the rim 72formed around the other end, the rounded 
end 76 of the thimble 71 inserted into the spring 38 
and having the rim 72interposed between the spring 
38 and the closed end of the capsule 8. 



sure, one of the portions having spaced apart annu- 
lar grooves 24 formed therein, the other cylindrical 
portion having similarly spaced apart circumferential 
beeds 30 which fit within the grooves, one of the por- 

5 tions also comprising a circumferential sealing ring 
31, the sealing ring extending outwardly from the 
cylindrical portion in the direction of the other cylin- 
drical portion and being sealingly received against 
a non-grooved, facing surface of the other cylindrical 

w portion. 

19. Acapsule according to claim 18 having the features 
described in any of claims 1 to 17. 

is 20. The capsule 8 of claim 1 9 in which the circumferen- 
tial beads 30 extend outwardly from their associated 
cylindrical portion a greater distance than the seal- 
ing ring extends 31 from its associated cylindrical 
portion. 

20 



12. A method of assembling a two-part capsule 8 for 
administering a composition 32Xo a ruminant animal 
comprising the steps of loading a first part of the cap- 25 
sule 5 with the composition 32, inserting a piston 36 
into the loaded capsule 8 part, inserting a thimble 

71 into an outer end of a coil spring 38, the thimble 
71 comprising a body 75, rounded at one end 76 and 
having a rim at the other 72, the rounded end 76 and 30 
body 75 located within the spring 38, the rim 72 
impinging on the outer end, inserting an inner end 
of the spring 38 within the first part and onto the pis- 
ton 36, fitting a second part of the capsule 8 into 
sealing engagement with the first part and in doing 35 
so compressing the spring 38 so that a portion of the 
spring 38 coils about the body 75. 

1 3. The method of claim 1 2 wherein said first part of the 
capsule a is a barrel or tube 16. 40 

1 4. The method of claim 1 2 wherein said second part of 
the capsule 5 is a cap 12. 

1 5. The method of claim 1 3 wherein said barrel or tube 45 
16 is generally cylindrical and has a plurality of 
grooves 24. 

16. The method of claim 14 wherein a retention wing 14 

is integrally connected to said cap 12. so 

1 7. The method of claim 1 4 wherein said cap 12 has cir- 
cumferential beads or ridges 30. 



18. A capsule 8 for administering a composition 32 to a ss 
ruminant animal comprising: 

a body 10 having a barrel 16, and a cap 12, 
the cap and barrel each having cylindrical portions 
which nest one within the other to form a sealed clo- 
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